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SCIENCE NEED STATEMENT 
 

Transport of Contaminants-- Reaction Rates for Key Contaminant Species and Complexes 
in Site- Specific Groundwaters 

 
Identification No.: RL-SS26-S 
Date:  September 2001 
 
Program: Environmental Restoration 
OPS Office/Site:  Richland Operations Office/Hanford Site 
Operable Unit(s):  Broad need potentially applicable to multiple operable units. 
PBS No.:  RL-SS04 (RL-VZ01) 
Waste Stream: Groundwater (Disposition Map Designation: ER-10 [technical risk score 5] and 
ER-18 [technical risk score 5]), Soil (Disposition Map Designations:  ER-04 [technical risk score 
3], ER-14 [technical risk score 5], ER-03 [technical risk score 3]) 
TSD Title:   
Operable Unit (if applicable):  N/A 
Waste Management Unit (if applicable):  N/A 
Facility:  N/A 
 
Priority Rating:   
 
This entry addresses the “Accelerated Cleanup: Paths to Closure (ACPC)” Priority: Select a “1”, 
“2” or “3” to assess the impact of the need/opportunity relative to the current site baseline. 
  
_X__ 1.  Critical to the success of the ACPC 
____ 2.  Provides substantial benefit to ACPC projects (e.g., moderate to high lifecycle cost 

savings or risk reduction, increased likelihood of compliance, increased assurance to 
avoid schedule delays) 

____ 3.  Provides opportunities for significant, but lower cost savings or risk reduction, and 
may reduce uncertainty in ACPC project success. 

 
Need Title:  Transport of Contaminants-- Reaction Rates for Key Contaminant Species and 

Complexes in Site- Specific Groundwaters 
 
Need/Opportunity Category:  Science Need 
 
Need Description: For Hanford site conditions, determine the reaction rates and the key reaction 
steps that control the speed with which a contaminant changes chemical form (e.g. speciation, 
complexation) and/or interacts with the surfaces of secondary minerals. For waste streams 
associated with implemented restoration technologies, establish the important reactions and 
associated rates of contaminant transformation. 
 
Kinetic treatments of groundwater chemistry are usually required for chemical systems where 
reactions are slow, irreversible, or heterogeneous. The rates of reactions between minerals and 
groundwater are difficult to predict because of the dependence of the rate on the surface 
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characteristics of the mineral grains, any adsorbed trace substances, and the possible presence of 
microorganisms that could catalyze reactions. Reactions of interest will involve reactions 
between mineral surfaces and an aqueous solution. Science needs include direct determination of 
the rates of reactions for Hanford contaminants on secondary minerals important in Hanford 
subsurface environments, e.g. iron oxyhydroxides, calcium carbonates, or 2:1 layer silicates such 
as smectite or vermiculite or illite.  
  
The mechanisms and reaction rates for the adsorption of metals and ligands on mineral surfaces 
are required. The role of surface reaction control vs. transport reaction control on specific 
reactions will be important. Groundwater systems in the Hanford and Ringold formations contain 
variable amounts of primary minerals such as plagioclase, quartz, and mafics associated with 
basaltic fragments which are thermodynamically unstable at low temperatures. Rates of primary 
mineral dissolution and secondary mineral precipitation are needed, as well as geochemical 
models for the incorporation of trace contaminants (metals, radionuclides) into secondary phases 
via co- precipitation. 
 
Schedule Requirements: 
 
Earliest Date Required:  8/1/99 
 
Latest Date Required:  9/30/15 
 
Problem Description: Growth of contaminant plumes and their response to remedial actions both 
involve the transport of contaminants, which in turn depends on the interplay between hydraulics 
of subsurface systems and groundwater chemistry. The dissolved species concentrations in many 
groundwater systems may remain constant with time, implying either equilibrium or steady-state 
chemical conditions, controlled by slow dissolution/precipitation or adsorption/desorption 
reactions. Detailed analyses of such systems can reveal that many of the chemical reactions that 
occur consist of initially fast and then slower reaction steps, with the latter reactions being 
strongly affected by diffusion of species. For many species, ions must diffuse into the matrix of 
sediments before binding by adsoprtion or incorporation by secondary mineral precipitation can 
occur. Knowledge of the reaction rates within the aquifer system must be combined with 
information on hydraulic properties to understand plume growth and mobility in such 
environments, which is prerequisite to remedial technology selection and design. Once a 
technology is implemented, it becomes important to know both the reaction mechanisms and the 
rates of reactions that control the transformation of the contaminant, in order to assess accurately 
the longevity of remedial treatments. 
 
Benefit to the Project Baseline of Filling Need: If the science needs are filled, then accurate 
information is available for use in tools associated with the design and selection of appropriate 
remedial technologies. Using accurate geochemical models of subsurface contaminant reactions 
assists in the design of technologies that address the problem in a timely fashion with minimal 
impact on human health and the environment.  
 
Benefit code: check all that apply: 
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ü Cost Savings  
 
ü Risk Reduction  
 
ü Enabling Knowledge (i.e., solves a problem that cannot be remediated by current 

science/technology)  
 
This Science Need also supports the following Hanford Subsurface Contaminant Technology Needs:  
 
RL- SS28  
  Understand, quantify and develop descriptions of reactions and interactions between 
contaminants of concern and vadose zone sediments. 

 
RL-SS34 
 Provide means to quantify the flux of contaminant between the groundwater and the Columbia 
River. 
 
Relevant PBS Milestone:  PBS-MC-042 
 
End-User:  Richland Environmental Restoration Project 
 
Site Technical Point-of-Contact:  Scott W. Petersen, BHI, (509) 372-9126; Mark D. Freshley, PNNL, 
(509) 372-9568; Michael J. Truex, PNNL, (509) 376-5461 
 
Contractor Facility/Project Manager: Michael J. Graham, BHI, (509) 372-9179 
 
DOE End-User/Representative Point-of-Contact:  John G. Morse, DOE-RL, (509) 376-0057 
 
 


